bjective: This study compared the cutting capacity of carbide burs sterilized with microwaves and traditional sterilization methods. Material and Methods: Sixty burs were divided into 5 groups according to the sterilization methods: dry heat (G1), autoclave (G2), microwave irradiation (G3), glutaraldehyde (G4) or control -no sterilization (G5). The burs were used to cut glass plates in a cutting machine set for twelve 2.5-min periods and, after each period, they were sterilized (except G5) following the protocol established for each group. The cutting capacity of the burs was determined by a weight-loss method. Data were analyzed statistically by Kruskal-Wallis and Dunn's test. Results: The means of the cutting amount performed by each group after the 12 periods were G1 = 0.2167 ± 0.0627 g; G2 = 0.2077 ± 0.0231 g; G3 = 0.1980 ± 0.0326 g; G4 = 0.1203 ± 0.0459 g; G5 = 0.2642 ± 0.0359 g. There were statistically significant differences among the groups (p<0.05); only dry heat sterilization was similar to the control. Conclusion: Sterilization by dry heat was the method that least affected the cutting capacity of the carbide burs and microwave sterilization was not better than traditional sterilization methods.
INTRODUCTION
Dental burs have been identified as a source of crosscontamination between patient and dental personnel 12, 13 . They may become heavily contaminated with necrotic tissues, saliva, blood and potential pathogens during use. However, it is difficult to proceed the pre-cleaning and sterilization of burs because of their complex architecture 12 .
It is desirable that disinfection and sterilization do not affect the instruments during their processing. However, questions have been raised about the effects of different sterilization methods on the microscopic characteristics, durability and strength of dental instruments, especially burs 3, 7, 8, 19, 23, 27 , which can have their sharpness and ability to effectively cut tooth structure altered 33 . While sterilization and disinfection procedures are vital to guarantee the safety of dental treatment 20 , these procedures may generate alterations in the characteristics and performance of the burs 3, 8, 23, 27 . Therefore, in order to associate a safe procedure with the least possible structural alterations in burs, the effects and limitations of each sterilization method must be known.
The most common sterilization methods are dry heat, autoclaving and immersion in chemical solutions 20 . All these methods have advantages and disadvantages. Dry heat sterilization can be used on package itens with no risk of rust or corrosion, leaving the instruments dry upon completion 41 . However, it requires a longer sterilizing cycle being time consuming 24 and the cycle could be interrupted if the oven door is opened before the its end. Autoclaving is one of the most effective and safe methods, but it may result in corrosion of steel items 25, 35 in addition to being time consuming and expensive 5 . Chemical sterilization is achieved after a prolonged sterilization time, and may be unable to penetrate bacteria that are physically sequestered and impregnated within the material, or may be inactivated by tissue debris 38 . Increasing interest in the use of the microwave oven as a sterilization method has been observed. It has been suggested as a practical physical sterilization method 9, 38 that is as effective as autoclaving 2, 9, 38 . The low cost, speed and simplicity of disinfection and sterilization by microwaves 34 have encouraged research to be conducted in several areas. Although research has been conducted with regard to the sterilization of dental instruments and materials 5 , there are few publications 32, 38 about the effects of microwave sterilization on burs. Thus, it is necessary to compare the effect of different sterilization methods on the cutting capacity of carbide burs. The aim of this study was to compare the cutting capacity of carbide burs after sterilization by dry heat, autoclave, microwave irradiation, and glutaraldehyde. The null hypothesis was that the sterilization methods cause no significant difference in the cutting capacity of the tested burs.
MATERIAL AND METHODS
A total of 65 new, cylindrical, cross-cut, no. 57 carbide burs from the same manufacturer (S.S. White, S.S. White Burs Inc., Lakewood, NJ, USA) were examined. The burs were evaluated with a stereoscopic magnifying glass (Citoval, Carl Zeiss, Jena, Germany) in order to discard those with imperfections. Five burs were excluded and the remaining 60 burs were used to carry out the cutting procedures on square (30 x 30 x 10 mm) glass plates 10, 16, 31 (Cebrace, Cia Brasileira de Cristal, Jacareí, SP, Brazil).
The burs were randomly divided into 5 groups (b=12) according to the sterilization method ( Figure 1 ). One group of 12 burs was not subjected to any sterilization method and served as a control.
A high-reliability cutting machine ( Figure 2) , with accessory timing and controlling features that allow standardized cutting, was used in this experiment. On this machine, a movable platform (V) that held the handpiece (605 Extratorque; Kavo do Brasil Indústria e Comércio Ltda, Joinville, SC, Brazil) could automatically be placed under a predetermined load (0.68N) [17] [18] on the square glass plates, which were attached to other platform (H). When the machine was switched on, the platform V was automatically moved up and down, making it possible to cut the glass intermittently. The high speed turbine was also activated automatically, maintaining a constant speed (350,000 rpm), air pressure (2.2 bar) and water cooling (25 mL/min) 11 . Each carbide bur was subjected to a total of 30 min of use divided into twelve 2.5-min periods. After each period, except for the last one, the burs were cleaned with a nylon brush under running water (40 s), dried with an air stream, and then sterilized individually according to the experimental group.
A weight-loss method [21] [22] 36 was used to measure the amount of glass cutting performed by the carbide burs. Immediately before cutting, each glass plate was weighed on a digital balance (Sartorius-Werke, Sartorius AG, Göettingen, Germany) accurate to 0.0001 g. After each 2.5 min of cutting, the glass was cleaned with air stream (40 s), dried, and reweighed.
The difference between the initial and final weight of Each carbide bur was placed in a loosely capped test tube with 10 mL dH 2 O, which was then placed in the right lateral position inside the microwave oven. A beaker containing 1000 mL H 2 O was also put at the center of the microwave oven, and exposed to microwaves at 608.52 watts for 5 min
Immersion in 10 mL of glutaraldehyde prepared in accordance with the manufacturer's directions for 10 h at room temperature 2, 21 _ FIGURE 1-Experimental groups and sterilization characteristics. dH 2 O = distilled water the glass determined the quantity of cut performed by each bur after each 2.5-min cut period. Then, the sum of the cutting amount performed by each bur after 30 min of use and the mean of the cutting amount of each group was calculated, thereby determining indirectly, the cutting efficiency. Data were statistically analyzed using the software Bioestat 4.0. Data sets did not fit the normal curve, exhibiting heteroscedasticity. Thus, the groups were compared by the non-parametric Kruskal-Wallis and Dunn's tests (α = 0.05).
RESULTS
The mean glass cutting amount recorded in each group was: G1 = 0.2167 ± 0.0627 g; G2 = 0.2077 ± 0.0231 g; G3 = 0.1980 ± 0.0326 g; G4 = 0.1203 ± 0.0459 g; G5 = 0.2642 ± 0.0359 g. The statistical analysis showed that some of the sterilization methods evaluated in this study affected the performance of the carbide burs (p<0.05).
Compared to the control, the burs that were autoclaved, microwave irradiated and treated with chemical solution showed a statistically significant decrease (p<0.05) in their cutting capacity. Burs treated with dry heat did not differ significantly (p>0.05) from the non-treated control burs. Burs sterilized by chemical solution showed the lowest cutting capacity. The mean glass cutting amount produced by G2 and G3 were statistically similar to that of G1 (p>0.05), but were significantly lower (p<0.05) than that of the control group. No significant differences (p>0.05) were seen between microwave sterilization and autoclave and also between microwave and glutaraldehyde.
The changes in glass cutting amount after each 2.5-min cut period for each group are shown in Figure 3 . All burs showed a decrease on the cutting capacity. The burs subjected to dry heat or autoclaving and the non-treated burs presented a nonuniform decrease of their cutting capacity with the presence of peak different from the microwaved and chemically sterilized burs, which had a gradual and continuous cutting capacity decrease. G1, G2 and G3 showed a decrease of the cutting capacity already after the first sterilization cycle and, among them, microwave irradiation promoted the the greatest decrease. Sterilization with glutaraldehyde (G4) reduced the cutting capacity of the burs by more than 50% after 3 cycles, while for the other methods a reduction of 50% occurred after 7 cycles.
Fifteen burs broke during the experiment: one bur in G2, two burs in G3 and twelve burs in G4, in which no burs withstood more than 9 cycles of use and 8 sterilizations. Most of them broke at the weld and few burs fractured along the carbide head. There were no breakages of the stainless steel shafts.
DISCUSSION
In the present study, one chemical and three physical sterilization methods were investigated with respect to their influence on carbide bur cutting capacity. When the burs were sterilized by dry heat, no significant decrease in the cutting capacity was observed compared to no sterilization. A possible explanation for this may be that sterilization by dry heat occurs by means of dehydrating the microorganisms and is obtained in a dry environment 24 . This environment preserves the integrity of stainless steel instruments because it does not induce steel oxidation and corrosion [24] [25] , and could even improve some of the properties, such as fracture strength, in different types of burs 8 . According to Miller 25 (2002), steel instruments do not corrode when they are put into the oven under dry conditions. In a study evaluating the influence of the sterilization process on the geometry of carbide burs, McLundie 23 (1974) showed that dry heat causes only a slight increase in the number of cracks visible on the cutting blade surfaces, which could even improve the cutting capacity because of the increase in contact area between the bur and the substrate 4 . These may be the reasons for the lack of significant decrease in the cutting capacity of the dry heat sterilized carbide burs.
Different reasons for the loss of carbide bur cutting capacity are listed in the literature. Some are related to the cutting head composition, blade dulling 28 , manufacturing process, quality control 16 , and cutting blade fractures due to the metal high hardness 22, 27, 30, 37 . Other reasons are specially associated with the geometric alterations caused by the microstructural alterations induced by oxidation or corrosion of the steel during certain sterilization processes 3 . The two other physical sterilization methods investigated in this study, autoclaving and microwaving, showed a negative influence on the performance of the carbide burs. The sterilization by autoclave is based on microorganism denaturation, achieved by the action of both heat and humidity 9, 14, 24, 35 . Although the autoclave caused little visible surface deterioration in the geometrical characteristics 23 , the loss of cutting capacity shown by the autoclaved burs may be explained by corrosion of the burs that may have dulled their cutting edges 35 . While the carbide tungsten of the burs has a protective layer on its surface, the shank and the solder joint have greater amount of basic metals (e.g.: Fe). When subjected to high temperature under wet conditions, these metals create an electrolytic medium that result in the passivation of the protective layer favoring the corrosion phenomenon.
In the present study, the carbide burs were immersed in distilled water during the microwave irradiation and a decrease in the cutting capacity of these burs was observed. According to some authors, microorganism inhibition depends on the energy absorbed and/or heat transferred 40 , and is severely compromised in the absence of water 2, 18, 40 . Since the microwaves cause the water molecules to vibrate, producing friction that results water heating 2, [17] [18] , a condition similar to that of autoclave sterilization was established (heat and humidity). According to Miller 25 (2002), irrespective of the process used to achieve sterilization, corrosion will occur more quickly in an autoclave or in any other environment involving water and heat.
The use of a chemical solution to sterilize the carbide burs caused the greatest alterations in their structure. Although the chemically sterilized burs produced mean glass cutting amount similar to that obtained after microwave sterilization, all the burs broke at the weld. Reports concerning effects of autoclave and dry cycles on these instruments focus mainly on the mechanical properties, fracture strength and cutting efficiency. In addition to carbide burs, the diamond burs and rotary NiTi file are among the most studied rotary instruments.
Even considering that the comparisons to the results of published studies are difficult due to the use of different types of substrates and different parameters, the effects of sterilization were considered deleterious when Chung, et al. 7 (2006) verify that the diamond burs had their cutting capacity progressively reduced after the first sterilization cycle. According to Guerekics, et al.
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(1991), although there were no significant differences among the cutting capacity of diamond burs after sterilization in chemical agent, autoclave, dry heat; or chemiclave, there are differences in the cutting capacity of individual diamond instruments. According to Borges, et al. 6 (1999) among the problems encountered by the repeated sterilization of diamond instruments that may decrease their cutting effectiveness are the diamond particle loss caused by the effects on the matrix that binds diamond particles to the shank.
With respect to the rotary NiTi files, both autoclave and dry heat sterilization methods are the most frequently evaluated. Valois, et al. 39 (2008) reported that autoclave was able to increase the irregularities and the roughness of rotary NiTi files wich was associated with the impairment of the cutting capacity and fracture of rotary Ni-Ti files during clinical use. As found in this study, autoclave had a cumulative effect on structure of the metal, which can result in surface corrosion after an excessive number of cycles. Similarly, Rapisarda, et al. 29 (1999) verified that the sterilization of rotary NiTi files by autoclave produced an increase in Ni-Ti oxides in the near surface layer which could be the cause of the experienced 20% reduction in cutting ability after 7 cycles of sterilization and further reduction by up to 50% after 14 cycles. Regarding to the dry heat use, debris, pitting, metal strips and deep milling marks were observed by Alexandrou, et al. 1 (2006) after 11 sterilization cycles. These defects could be responsible for a low cutting efficiency and may compromise the corrosion resistance of rotary NiTi files.
Considering the undesirable effects of the sterilization procedures, burs manufacturers have introduced singlepatient-use burs as a partial solution to dentist's concerns regarding infection control. However, most professionals state that they use the burs until perceiving the instruments had lost their cutting efficiency. According to Hauptman, et al.
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(2006), if manufacturers adopt a rule providing sterilized burs, which is common for disposable burs, it will increase their functional usage time by around 10%.
One of the limitations of this in vitro study is that the cutting substrate used does not reproduce the characteristics of dental structure or restorative materials encountered under clinical conditions. However, it is indicated by the American Dental Association for tests that evaluate the durability and capacity of carbide burs because it has the same hardness throughout its entire surface. Although the dry heat sterilization results were the same as those of the control, this study was incapable of detecting differences among the influence of the physical sterilization methods on the cutting capacity of carbide burs. Furthermore, the results of this study should be interpreted with caution because the use of microwave is not still recognized by any standards as a sterilization method and may not encourage some clinicians to consider off-label use of these devices in clinical practice. However, microwave sterilization and comparison among dry heat, autoclave and microwave irradiation should be subject of further investigations.
CONCLUSIONS
In conclusion, the null hypothesis was rejected because the cutting capacity of the carbide burs was less affected by dry heat. Microwave sterilization was not better than traditional sterilization methods regarding the reduction of carbide bur cutting efficiency.
